Abstract: Herein the evolution in the development of new sigma ( ) receptor ligands since the middle '90s by our research group is reported. In the effort to contribute to the identification of the structural features for high-affinity ligands selective versus serotonin, dopamine and other CNS-related receptors, two general classes of (naphthalene)alkylamine compounds were prepared and explored, with the aim of addressing the affinities toward the two recognized receptor subtypes. The common template of these compounds was mainly an unsubstituted or methoxy-substituted naphthalene or tetralin nucleus, linked by an alkyl spacer to a substituted piperazine or piperidine ring. The design of new ligands was thought keeping in mind their possible application as PET diagnostic tools and fluorescence tools. High-affinity 2 receptor ligands were found among N-cyclohexylpiperazine derivatives, such as 1-cyclohexyl-4-[3-(5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)propyl]piperazine (3) (PB 28), when they were assayed in radioligand binding with [
INTRODUCTION
In the middle '90s our research group started to deal with the identification of the structural features to bind the two sigma ( ) receptor subtypes, through the synthesis of various classes of amine compounds. In the early 1990s, few highaffinity receptor ligands were known and their selectivity for one of the two receptor subtypes was uncertain since binding affinity was being measured through inhibition of [ 3 H]-DTG (1,3-di(2-tolyl)guanidine) binding, an almost equipotent 1 / 2 radioligand (Fig. (1) ). Such binding affinity resulted in IC 50 at the generic receptor, as a comprehensive value of 1 and 2 subtype affinities, due to the ubiquitous presence of 1 and 2 subtypes in the organ tissues.
In those years, several phenylalkylamines were developed as high-affinity ligands on the basis of the evidence that benzomorphans and haloperidol bound receptors. The knowledge of the receptor remained limited and its identity mysterious for several years, so that it was called "enigmatic". Pharmacologically, the motor activity and dystonic disorders displayed by nonselective receptor ligands were seen as unwanted effects in the development of novel central nervous system (CNS) drugs, such as antipsychotics and antidepressants.
Keeping this in mind, we started multireceptorial binding investigations on some arylpiperazine derivatives that we developed as 5-HT 1A ligands (general structure, Fig. (2) ) [1] . These compounds contained the tetralin nucleus and the alkylamine moiety: two structural features common to haloperidol and other phenyl-alkylamines known to be ligands, and to benzomorphans such as (+)-pentazocine and (+)-Nallyl-normetazocine (SKF10047) also used as radioligands (Fig. (1) ) [2] . All of the above mentioned 5-HT 1A receptor ligands revealed significant receptor affinities (IC 50 = 9.7-246 nM) when tested in [ 3 H]-DTG binding, so that the selectivity versus serotonin 5-HT 1A , 5-HT 2 , dopamine D 2 , and adrenergic 1 receptors was nonexistent. When the Naryl substituent on the piperazine ring was absent as in 1-[3-(1,2-dihydro-6-methoxynaphthalen-4-yl)propyl]piperazine ((1), Fig. (2) ), the receptor affinity became moderate (IC 50 = 652 nM) [3] , whereas the 5-HT 1A , 5-HT 2 and D 2 affinities dramatically dropped (IC 50 > 10 4 nM) [4] .
N-SUBSTITUTED PIPERAZINES AS

1
AND 2 RECEPTOR LIGANDS
Starting from the above reported results, a new series of 1,4-disubstituted piperazine derivatives was built. The double bonds underwent reduction to a tetralin nucleus in order to avoid atmospheric and metabolic oxidation, and N-aryl was spaced out or reduced [3] . The piperazine ring was unsubstituted at the N1-position or substituted with a benzyl, or a cyclohexyl or a tetrahydropyridyl. Generally, such modifications led to higher affinity and selectivity versus the serotonin 5-HT 1A and 5-HT 2 receptors compared to the aryl substituted counterparts. Furthermore, the higher receptor affinities obtained for 1-benzyl-4-[3-(5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)propyl]piperazine (2) , and 1-cyclohexyl-4-[3-(5-methoxy-1,2,3,4-tetrahydronaphthalen-1-yl)propyl]piperazine ((3), PB28) ( Fig. (3) ) demonstrated that an additional lipophilic group was needed at the N1-position. The opening of the piperazine ring reduced the affinity toward receptors, probably because of the loss of the tertiary N-atom (general structure on the right, Fig. (3) ).
The affinities toward receptors were evaluated with [ 3 H]-DTG and a few compounds were also evaluated with (+)-[ 3 H]-pentazocine for 1 receptor affinity (methods a and b, Table 1 ). Anyway, the binding protocols for defining the affinities were not well established at that time, and some of the key compounds of this series were subsequently reinvestigated. However, the 1 receptor affinity lower than total affinity displayed by the tested compounds suggested a prevalent 2 receptor affinity.
The Role of a Substituent at the Distal N-Atom of the Piperazine Ring
The N-benzyl (2) and N-cyclohexyl (3) derivatives, that had shown the best results were assayed again at 1 , 2 , 5-HT 1A and D 2 receptors along with some of their analogues ( Table 2) , with the aim of finding selectivity for each receptor subtype [7] , using new binding methods (methods c and d, Table 1 ). The N-benzyl derivative (2) revealed a verylow 2 receptor affinity (K i =1870 nM), whereas the affini- ties were much higher at both 1 and 5-HT 1A receptors, so that the benzyl moiety was found to be inappropriate to address any selectivity at both receptors. Conversely, the cyclohexyl derivative (3) displayed subnanomolar 2 affinity (K i = 0.34 nM) and a fairly good selectivity (40-fold) versus the 1 subtype (K i = 13.6 nM), becoming one of the best 2 ligands known ( Table 2) . Its selectivity versus serotonin 5-HT 1A (K i = 258 nM) and dopamine D 2 (K i = 604 nM) receptors was found higher than previously reported. The Nphenyl (4) and N-naphthyl (5) derivatives displayed low 1 and 2 receptor affinities and the phenyl moiety was confirmed as a high 5-HT 1A receptor affinity addressing one.
In the same work, some smaller N-alkyl substituents were inserted in the cyclohexyl locus (compounds (6)-(8), Table  2 ), revealing a direct correlation between their size and the affinity toward the 2 receptor (cyclohexyl > i-pentyl > npropyl > methyl). Alkyl groups bigger than cyclohexyl were not inserted to avoid an excessive increase in lipophilicity. As for the 1 a From ref [7] . moderately good affinities (K i s from 9.6 to 17.8 nM) so that the 2 / 1 selectivity was low in this assay. As expected, the lack of the N-aryl group on the piperazine lowered dramatically the affinity toward the 5-HT 1A and D 2 receptors.
Role of the Chain Length in Homologues of the Lead Compound (3)
Given its binding profile, compound (3) was selected as a lead compound for the 2 receptor investigation, and a SAfiR study was conducted on several of its isomers and analogues where the intermediate alkyl chain was either shortened or elongated [10] . All of these N-cyclohexylpiperazine derivatives displayed good affinities toward both receptors. The shorter chain ligands (9)-(11) reported in Table 3 , demonstrated high 1 receptor affinity (K i s from 0.31 to 1.57 nM), although their selectivity versus the 2 receptor subtype was moderate (13-to 53-fold). When the linker was elongated from four to six methylene groups (compounds (12)- (14) ) the affinities at both receptors were still high, except for the six-methylene derivative (14) , which displayed the worst 2 receptor affinity (K i = 103 nM) in the N-cyclohexylpiperazines series. Very likely, the six-carbon chain extends too much the distance between the hydrophobic tetralin moiety and the proximal piperazine N-atom, so that the compound can not fit well the 2 receptor. This is not the case for the 1 receptor, toward which compound (14) still retained a good affinity. The high affinity toward 1 receptors retained by the shortest-chain compounds (9) and (10) suggested a possible additional mode of binding through the cyclohexyl linked N-atom.
The 2 receptor affinity displayed by the five-methylene derivative (13) was noteworthy (K i = 0.35 nM), and similar to that of the lead compound (3). Thus, an optimal chain length to bind the 2 receptor was supplied by either a threemethylene or a five-methylene chain in this series of ligands. This was confirmed by the propyl and pentyl desmethoxy derivatives (15) , (21) and (27) (Table 5) , that displayed K i values among the lowest of the series (K i s = 0.68, 0.69 and 0.57 nM respectively).
The Effect of Chirality at Tetralin C-1 of the Lead Compound (3)
In order to elucidate the influence of stereoisomerism of chiral compound (3) on binding, both enantiomers of (3) were synthesized and assayed. The first binding results [10] needed a further investigation since they appeared somehow contradictory. Furthermore, binding studies on racemic (3) conducted recently in rat brain from other researchers [11] , gave different 1 receptor affinity data, which resulted in the absence of the 2 / 1 selectivity previously claimed. In the meantime, we were repeating more accurate binding studies for each enantiomer, the racemate or an equimolar mixture of each enantiomer, with more recent methods (methods e and f, Table 1 ). In each experiment performed at both 1 and 2 receptors, the four samples were simultaneously tested, in three experiments in triplicate, using eleven different concentrations in the 10 -5 to 10 -10 M range. The newly found affinity data (Table 4) showed that 2 receptors bound both enantiomers with high affinity, with a slight preference for the enantiomer (-)-(R)-(3). The racemic (±)-(3) retained a subnanomolar affinity, which was in between the affinities of the two enantiomers, clarifying some of the doubts from the first published results. The results from the equimolar mixture of the enantiomers were in accordance with the racemate. The 1 receptor affinities for both enantiomers and the racemate (3) were higher than those previously obtained [10] , so that the compounds resulted as nonselective but high-affinity for both receptors. However, compound (3) still demonstrated fairly good 2 versus 1 receptor binding selectivity, when tested in MCF7 (46-fold) and MCF7 ADR (59-fold) tumor cell lines (Table 4) [13] . The investigation extended to the enantiomeric couples of lower homologues of compound (3) led to similar 2 receptor affinity for each enantiomer of the couple (see Abate et al. within this issue). The newly obtained results demonstrated that the affinity at the 1 receptor was high either in the absence or presence of the 5-methoxy substituent, and they excluded the hypothesis of the hindrance exerted by the methoxy group in the 5-position on the naphthalene ring. This was true also for the 5-methoxy substituted pentyl-chain derivative (13) , which retained a high affinity toward the 1 receptor (K i = 1.52 nM).
The Role of (Nucleo)alkyl Substituents at the Piperazine Ring Proximal N-atom
Moving the methoxy substituent to the 6-position on the tetralin ring as in compound (17) was detrimental for 2 receptor affinity (K i = 5.42 nM) suggesting a slight hydrophobic hindrance exerted by the 6-methoxy substituent ( Table  5 ). The desmethylation of (3) to the phenolic derivative (16) was detrimental (K i s = 5.40 and 2.66 nM at 1 and 2 receptors respectively), therefore the 5-methoxy group seemed to contribute to an accessory binding for receptors. The 6- a From ref [10] methoxy substituent was particularly useful for addressing selective 1 receptor affinity since the 5-methoxy derivative (3) and the unsubstituted derivative (15) displayed higher K i values. The presence of the 7-methoxy substituent was detrimental for 1 receptor affinity in particular in the tetralinpropyl series (compound (18) , K i = 9.04 nM), but this was not true for the same substitution in the naphthyl-propyl series (compound (25) , K i = 0.90 nM [14] ). K i values at 1 receptors were in the nanomolar or subnanomolar range for all the compounds in the N-cyclohexylpiperazine series, with the best results obtained for the desmethoxylated fourmethylene chain (compound (19) , K i = 0.036 nM). Therefore, the recent results for (3) led to consider the affinity of N-cyclohexylpiperazines toward the 1 receptor rather independent from the chain length and methoxy position. Binding at the 1 receptor is supposed to be exerted mainly by the piperazine N-atom linked to the intermediate chain corresponding to the N-atom of known 1 high-affinity piperidines [15] . The naphthalene derivatives, synthesized in order to avoid chirality-related problems, did not lead to meaningful changes at 1 and 2 receptors. Generally, oxidation of the tetralin derivatives to the corresponding naphthalenes led to a slight decrease in the affinity at both receptors, with a higher decrease for (22) , the naphthalene counterpart of (3). More data were subsequently obtained from a series of 4-cyclohexyl-1-[(naphthalen-1-yl)propyl]piperazines, synthesized as potential fluorescent ligands [14] . In these derivatives, 5-6-and 7-methoxy substituents and 6-and 7-hydroxy substituents (compounds (22)- (26)) did not lead to meaningful changes in the affinities toward 1 receptor (K i s = 0.90-6.78 nM) when compared to the corresponding unsubstituted naphthalene derivative ((21), K i = 2.16 nM) [10] . Notably, in the series of naphthalenic compounds the affinities were lower than their tetralin counterparts, suggesting that the deviation of the tetralin from planarity provided a better fit at the 1 receptor. Conversely, the 7-methoxynaphthalene derivative (25) increased its 1 receptor affinity as already mentioned.
As for the 2 receptor affinity, 5-6-and 7-methoxy and 6-and 7-hydroxy substituents were detrimental (K i s = 8.27 26.4 nM), since these naphthalene derivatives (22)- (26) bound with a lower affinity than their unsubstituted counterparts (21) (K i = 0.69 nM). The five-methylene compound (27) was the only naphthalene derivative which improved its 2 receptor affinity (K i = 0.57 nM) compared to its tetralin counterpart (20) (K i = 7.85 nM). A carbazole moiety, known to have fluorescent properties, was linked to the cyclohexylpiperazine (compound (28)) in place of the naphthalene, leading to a good 2 / 1 selectivity, although the 2 receptor affinity value was 12.6 nM.
N-SUBSTITUTED PIPERIDINES AS 1 RECEPTOR LIGANDS
Searching for a Lead Compound among N-(Tetralin)-alkylpiperidines
During the investigation on the above mentioned N-[(tetralin-1-yl)alkyl]piperazine derivatives, we were also dealing with their corresponding piperidine compounds, encouraged by the evidence that N-phenylpiperidine derivatives bound receptors better than 4-phenylpiperazine derivatives [16] . The tetralin moiety, which is present in the prototypical 1 receptor ligand (+)-pentazocine, was connected to a piperidine ring by a three-or four-methylene chain [17] . Such length was selected as a better match with the optimally sized chain of phenylpentylamine template, and the novel compounds were developed in accordance with both the 1 receptor models proposed by Glennon [18] and by Gilligan [19] . The tetralin moiety matched with the primary hydrophobic site, the alkyl portion on the piperidine ring fitted the secondary hydrophobic site, and the N-atom was at a proper distance between these two hydrophobic features. In this work affinity was explored only at the 1 subtype (method b, Table 1 ). The 4-benzyl-1-substituted piperidines (29) and (30) displayed an improved 1 affinity compared to their piperazine isosters ( Table 6 ), but they lacked in selectivity versus the serotonin receptors [17] . Better results were obtained by the unsubstituted piperidines (31) and (32) Table 1 ) and the lack of a masking agent in the 2 binding (method a, Table 1 ).
SAfiR of N-(Indanealkyl) Derivatives of 3,3-Dimethylpiperidine
Given the availability of selective 1 ligand (+)-[
3 H]-pentazocine, and the newly well established binding methods (methods e and f, Table 1), the class of 3,3-dimethylpiperidine derivatives was extended and reinvestigated at both 1 and 2 receptor subtypes [22] . The new results demonstrated affinities higher toward 1 than 2 receptor as it could be expected, given the similarity with the pentazocine structure ( Table 7) . Among these 3,3-dimethylpiperidines, the best affinity and selectivity for the 1 receptor were reached by the desmethoxylated four-methylene chain indane derivative (37) (K i was 1.75 nM at 1 receptor and 242 nM at 2 receptor). The presence of the methoxy substituent in the indane series did not change appreciably the 1 receptor affinity. Compound (37) excepted, in this indane series the different lengths of the linker from two to six methylenes led to moderately meaningful changes ( Tables 7) .
SAfiR of N-(Tetralinalkyl) Derivatives of 3,3-Dimethylpiperidine
As for tetralin C-1 chirality, the two enantiomers of compound (34), which had been previously assayed with meth- ods later abandoned (methods g and a, Table 1 ), were reinvestigated (Table 8 ) and they demonstrated 1 receptor affinities lower than those found in the previous assay [20] . In this tetralin series the 6-fluorine and 5-, 6-, and 7-methoxy substituents on the tetralin nucleus did not affect much the affinity values when compared to those of the unsubstituted counterparts. The best 1 receptor affinities and selectivity versus the 2 subtype were obtained when the methoxy group was in the 6-position, likely mimicking the 6-oxytetralin framework borne by the pentazocine. Therefore, the effect of the chain length was examined more extensively for the 6-methoxy derivatives (49)-(53) and for their unsubstituted counterparts (43)-(47) for comparison purposes; the tetralinbutyl compound (51) emerged as the best 1 ligand in this series.
From this work, we started to explore also the affinity at mammalian 8 -7 sterol isomerase, also known as emopamil binding protein (EBP). Indeed, it was observed that some of our 1 ligands inhibited a post-squalenic step of cholesterol biosynthesis and cell proliferation in rat myocytes [23] . The most interesting piperidines displayed a good affinity toward EBP site, so that the 1 /EBP selectivity was low and sometimes reversed. The same compounds tested at 'L-type' Ca 2+ channel binding showed moderate affinities.
The Role of Methyl Substitution in the N-(6-Methoxytetralin)alkylpiperidines and their Naphthalene Counterparts
The next work was thus focused on the enhancement of the selectivity versus the EBP site [24] . With this aim, we kept the 6-methoxytetralin moiety which contributed to the 1 / 2 selectivity. The linker between the naphthalene moiety and the piperidine ring was either a propyl or a butyl, whose lengths came out as optimal from the previous studies. Furthermore, 4-methyl-substituted piperidines were reported to serve as suitable moiety for high 1 receptor binding [25] . For this reason, variously methyl-substituted piperidines were synthesized to explore the surroundings of the N-atom, thought to be crucial for the 1 receptor binding. Oxidation of the tetralins to the corresponding naphthalenes was also carried out. As for the tetralin derivatives, only unsubstituted or symmetrically substituted piperidine derivatives were synthesized to avoid generating one more stereogenic center. As for the naphthalene derivatives, besides the achiral piperidines also the chiral 2-and 3-methylpiperidines were prepared as couples of pure enantiomers.
In general, the newly synthesized piperidines displayed a lower affinity at the EBP site, so that a better 1 selectivity was reached ( Table 9 ). The affinity values at the 2 receptor were moderate (K i s = 17.5-238 nM). The worst 2 receptor affinities were always displayed by the 3,3-dimethylpiperidine derivatives (50), (51) and (69), strengthening the hypothesis of a not well tolerated steric hindrance at the 2 receptor exerted by the two methyl groups at 3-position on the piperidine ring. Surprisingly, the unsubstituted piperidines were among the worst 2 receptor ligands when connected to a naphthalene moiety ( (66) and (71); K i s 175 and 151 nM respectively), whereas the corresponding tetralin counterparts (58) and (62) displayed higher 2 receptor affinity (K i s = 26.2 and 48.7 nM, respectively). This behaviour was observed just for these unsubstituted piperidines, whereas the other methyl-substituted piperidines retained similar affinities at the 2 receptor when oxidized to naphthalene derivatives. The highest 2 affinities retained by 4-methyl and 4,4-dimethyl derivatives may be explained with the fact that the 4-methyl group may contribute to a hydrophobic binding which is more important in the more planar naphthalene series.
As for the 1 receptor, all the compounds reported in Table 9 displayed nanomolar or subnanomolar affinities, with the exception of the 2,2-dimethylpiperidine derivatives, in particular when linked to the propyl chain (compounds (60) and (68); K i s = 178 and 1060 nM respectively). These results suggested the importance of the unshielded N-atom for binding at 1 receptor, that is hindered by the 2,2-dimethyl substitution in particular in the shorter chain derivatives. A longer linker can fold so that the compound might be better accommodated in the binding site. As for the other methyl substitutions, the affinity at 1 receptor was not affected by the position of the methyl or dimethyl groups. In both 6-methoxytetralin and 6-methoxynaphthalene series the four-methylene derivatives generally displayed a slightly higher affinity than their lower homologues. In the sole case of 3,3-dimethylpiperidines (69) and (74) the 1 affinities were equally high. Actually, in the tetralin series the highest affinities at 1 receptor were reached by the 4-methyl (63) and 4,4-dimethyl derivatives (65) (K i s = 0.42 and 0.30 nM respectively), but the selectivity versus the 2 receptor was lower than that reached by the 3,3-dimethyl derivatives. The series of the naphthalenepropyl analogues did not show significant changes in the 1 receptor affinity compared to their tetralin counterparts, but the best selectivity relative to the 2 receptor was reached within this series. In fact, the 3,3-dimethylpiperidine derivative (71) displayed a high 1 affinity (K i = 0.35 nM) with a 680-fold selectivity relative to the 2 receptor. The 4-methylpiperidine (72) displayed the highest 1 receptor affinity (K i = 0.030 nM) among all the piperidines therein presented and it reached a considerable selectivity relative to the 2 subtype (597-fold) and EBP (268-fold). Once again, the butyl-chain derivatives were the highest-affinity 1 receptor ligands within both the tetralins and the naphthalenes series, confirming the pentyl chain as an optimal spacer between the N-atom and the phenyl ring. Notably, in the presence of a stereogenic center as in 2-or 3-methyl piperidines, the two enantiomers provided rather similar results in both the 1-propyl and 1-butyl derivatives of 6-methoxynaphthalene ( (76), (77) and (78), (79), Table 10 ).
Therefore, the chirality near the piperidine N-atom played a minimal role at both receptor subtypes in this class of compounds. Finally, exploring the influence of the lipophilicity, no correlation was found between ClogP values and 1 receptor affinity. Noteworthy was the finding that came out from functional assays: the tetralin derivatives were found to be agonists and the naphthalene derivatives to be antagonists in the 1 -mediated antiproliferative activity in rat C6 glioma cells. Still, the 3,3-dimethylpiperidines provided the best results in terms of 1 over 2 receptor selectivity and taking compound (69) as a lead, more analogues were synthesized with the aim of developing receptor fluorescent ligands [14] .
Fluorescent Naphthol and Carbazole Derivatives of N-
Alkyl-3,3-dimethylpiperidines and SAfiR versus their Cyclohexylpiperazine Counterparts
The methoxy substituent on the naphthalene ring was moved to 5-or 7-position ((80) and (81)), and it was also replaced by a 6-or 7-hydroxyl group ((82) and (83)) in order to retain the fluorescent properties of -naphthol ( Table 11) . As expected, for all of them the affinities at the 2 receptor were low (K i s from 412 to 672 nM). At 1 receptor, the presence of the hydroxyl substituent was responsible for a dramatic drop in the affinity ((82) and (83); K i s 340 and 733 nM respectively). The change of the position of the methoxy group, resulted anyway in a decreased affinity compared to the 6-methoxy compound (69). When 3,3-dimethyl-piperidines (80), (69) and (81) where compared with their corresponding cyclohexylpiperazines (22) , (23) , and (25) ( Table  5 ) the trend observed was inconsistent, suggesting a different binding mode at the 1 receptor for these two class of ligands. The higher 1 receptor affinities of piperazine derivatives could be due to their possible additional reverse mode of binding. This was confirmed by the comparison of their naphthol derivatives (82) and (83) with (24) and (26) respectively.
When the naphthalene moiety was replaced by a carbazole one (compounds (84)- (86)), with the aim of improving the fluorescent properties, the affinities toward 1 and 2 receptors drastically decreased. Their affinities slightly improved with an elongation of the intermediate chain from three up to five methylenes, showing a better fit in both the binding sites. This was also confirmed by the low 1 affinity of the carbazole derivative (28) , that was not able to bind the 1 subtype despite its piperazine structure.
The Role of Chirality in a Series of (4-Chlorophenoxy)-methyl-alkyl Derivatives of 4-Methylpiperidine
A series of new piperidine derivatives [25] was developed taking as a lead 1-[3-(4-chlorophenoxy)propyl]-4-methylpiperidine ((87), Table 12 ) a agent, with high selec- tivity versus dopamine D 2 receptors [26] . The low selectivity of the 1 ligand (87) versus the 2 receptor (22-fold) was improved by its lower homologue (88) (278-fold) through a decreased 2 receptor affinity. Given the role of chirality in (+)-benzomorphans for the 1 / 2 selectivity, we thought that the insertion of a stereogenic center near the pharmacophoric N-atom could improve the selectivity for 1 site. The chiral centre was generated by inserting a methyl group in every position of the intermediate chain on analogues of either (87) and (88). For each enantiomer studied, little differences in the 1 and 2 affinities were observed, when compared to the achiral compounds (87) and (88). The stereochemistry of the chiral centre did not influence the affinity and the selectivity at both receptors, except for compound (-)-(S)-(92) (K i = 0.34 nM) which resulted as the most 1 relative to 2 selective ligand (547-fold). Good 1 over 2 selectivity was also obtained for compounds (88) and (+)-(S)-(89), due to their low 2 receptor affinity. As a particular case, the results for (-)-(S)-(92) suggested that a reduced conformational freedom of a short chain coupled with its S configuration led to increase 1 receptor and decrease 2 receptor binding affinity. However, all these compounds displayed a moderate selectivity relative to EBP site.
CONCLUSIONS
The research of selective ligands for each receptor subtype has been hampered by the lack of full knowledge of receptor sites. On the other hand, the discovery of the structural features of the receptors required high-affinity and selective 1 -and 2 -ligands. Multiple binding methods have been used in the last twenty years for defining receptor affinity, and several times the results were not comparable. Our works represent an effort to contribute to the identification of those structural requirements capable of giving high -subtype affinity and selectivity. The structures of known ligands were taken into account for the synthesis of these (naphthalen-1-yl)alkylpiperazines and -piperidines. The tetralin moiety and some related structures were brought in as a partially constrained phenylalkyl feature. In the class of piperazines several subnanomolar-affinity 1 and 2 receptor ligands were found, though both the 1 over 2 and 2 over 1 selectivity were generally moderate. Tetralin compound (19) and carbazole derivative (28) were examples of selective 1 and 2 receptor ligands respectively. Evaluated in functional assays, some of these piperazines gave promising results as antiproliferative/cytotoxic 2 receptor agonists and 1 receptor antagonists [10, 24] . Within the class of piperidines, several high-affinity 1 receptor ligands were found, some of them presenting fairly good selectivity relative to 2 receptor. The most selective naphthalene derivatives (69) and (72) elicited 1 receptor antagonist activity, when evaluated in antiproliferative functional assays [24] . In these same assays, some tetralin derivatives belonging to the same class, such as 1 ligand (51), demonstrated agonist activity.
The most 1 and 2 selective agents, that proved to be agonists or antagonists, are summarized in Table 13 , with the purpose to provide a small overview on our best compounds in comparison to the best agents known to date. The structures of compounds not yet reported herein are depicted in Fig. (4) .
High-affinity 1 receptor ligands were also found in the class of 4-chlorophenoxy derivatives of 4-methylpiperidine, as the compounds (81) and (-)-(S)-(85), that displayed also good 1 relative to 2 selectivity. Most 1 high-affinity ligands reported herein possess a four to five atom chain separating an aryl group from a basic amine, in accordance with the current 1 pharmacophore model [39] . Nevertheless, as an exception the carbazole derivatives (28) and (84)- (86) displayed low affinities for the 1 receptor. Such results were unexpected since thioxanthenealkylpiperidines as well as the diphenylderivatives derived from the deconstruction of the thioxanthene ring led to the definition of the region of bulk tolerance for their high affinity at 1 receptor [39] . Our results suggest that the carbazole ring does not fit the primary hydrophobic region (the one of bulk tolerance) present in the model, maybe for its electronic properties. An unexpected behavior is also shown by the low-affinity naphthol derivatives (82) and (83) proving that the region of bulk tolerance does not tolerate hydrophilic hydroxy substitutuents, unlike their methoxy counterparts. The same hydrophilic substituents are instead tolerated in the corresponding piperazines, suggesting an alternative binding mode for these latter.
The drug design of the compounds described herein was made taking into account their possible use as fluorescent or PET diagnostic tools. For the latter purpose a fluorine or a methoxy substituent can be exploited for PET radiolabeling with 11 C and 18 F [40, 41] . PET application of compound (3) was tried in mice [42] . The compound (3) was more extensively studied to better understand its antiproliferative and cytotoxic properties, and the results are discussed elsewhere in this issue [Colabufo et al.] . Therein, one can find a more detailed discussion about functional assays at receptor. An extended class of N-cyclohexylpiperazine derivatives was employed to define a 2 pharmacophore model and to map 2 
